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6 A STRIPE APERTURE
28 p—ELECTRODE

25 n-BLOCKING LAYER
\ 26 p-BURIED LAYER
ﬁﬁ 25 n-BLOCKING LAYER
————————~ 24 p-CLADDING LAYER
23 QUANTUM WELL
ACTIVE LAYER

22 CLADDING LAYER
o 21 n—SUBSTRATE

>9 n~ELECTRODE

FIG. 2C

27 n—BURIED LAYER 26 p~BUREDLATER
28 p~ELECTRODE

o | 27 n—BURIED LAYER

24 p—CLADDING LAYER

T ™23 QUANTUM WELL
- — ACTIVE LAYER

22 CLADDING LAYER

-1 21 n-—SUBSTRATE

20
- ~_20FACET
FACET . 59 n—ELECTRODE




US. Patent  0ct. 2, 1990 Sheet 3 of 4 4,961,196
FIG. 3A
»8 p—ELECTRODE
27 BQ{UEF;{IED 3 25 rl\—-ABYIE%CKING

24 p—CLADDING LAYER

—~~23 QUANTUM WELL
ACTIVE LAYER

22 CLADDING LAYER

20 FACET
21 n—-SUBSTRATE

29 n—ELECTRODE

<

\

25 n—BLOCKING

LAYER

”il'

\
20 FACET

FIG.3B

24 A STRIPE 28 p—ELECTRODE

25 n—BLOCKING
LAYER

24 p—CLADDING LAYER

~— 23 QUANTUM WELL
ACTIVE LAYER
22 CLADDING LAYER

25 n—BLOCKING
LAYER

21 n—SUBSTRATE
29 n—ELECTRODE



US. Patent  0Oct.2, 1996 Sheet 4 of 4 4,961,196

FIG. 3C
o4A STRIPE PORTION 28 p—ELECTRODE
— 27 n—BURIED
"= LAYER

24 p~CLADDING LAYER
™23 QUANTUM WELL

ACTIVE LAYER
22 CLADDING -
50— LAYER
— 21 n—SUBSTRATE
FACET ——20 FACET

]
29 ri-ELECTRODE



4,961,196

1
SEMICONDUCTOR LASER

FIELD OF THE INVENTION

‘The invention relates to a semiconductor laser, and
more particularly to a semiconductor laser including an
active layer of a quantum well structure.

BACKGROUND OF THE INVENTION

A semiconductor laser includes a multi-layer struc-
. ture having an active layer sandwiched by cladding
layers having a bandgap energy wider than that of the
active layer, and a pair of laser resonator facets facing
each other and being perpendicular to the multi-layer
structure. Recently, demands for semiconductor lasers
providing higher light output power is increasing in
order to improve the performance of optical informa-
tion processing systems and optical communication
systems. The maximum light output power is limited to
some extent due to the occurrence of catastrophic opti-
cal damage, which will be described later, for semicon-
ductor lasers with lasing wavelength less than 900 nm,
such as short wavelength lasers and visible lasers. The
catastrophic optical damage occurs at the active layer
in the vicinities of the resonator facets in which the

temperature increases locally by absorption of a part of
- light output power.

Two methods to avoid the occurrence of the cata-
strophic optical damage were reported previously. The
first method is decreasing a laser light density at the
active layer by expanding the distribution of the laser
light to the outside of the active layer. The second
method is decreasing the light absorption coefficient of
the active layer in the vicinities of the resonator facets.
- For instance, a large optical cavity structure, which
have (an) optical waveguide layer(s) between an active
layer and cladding layers, expands the laser light distri-
bution 1n a direction perpendicular to the active layer,
and effectively decreases the laser light density at the
active layer. Further, it has been reported that a non-
absorption mirror structure, which includes a semicon-
ductor layer having a bandgap energy wider than that
of an active layer in regions of resonator facets and the
- vicinities thereof, and a window structure, in which an
active layer 1s p-type in an active region, and n-type of
a high carrier concentration in the vicinities of resona-
tors facets, are effective to decrease the absorption coef-
ficient of the active layer in the vicinities of the resona-
tor’s facets, and increase a light output power limit. Still
further, a high output semiconductor laser including an
active layer of a quantum well structure has been de-
scribed in “The light amount IC study meeting paper
OQES85-79, The institute of Electronics Information
and Communication Engineers”. The quantum well
semiconductor laser comprises a first cladding layer, a
multi-quantum well active layer, a second cladding
~ layer, a 8103 film and a cap layer successively provided
on a substrate. The quantum well semiconductor laser
further comprises an n-electrode provided on the SiO;
film to contact with the cap layer, and a p-electrode
provided on the back surface of the substrate. In this
quantum well semiconductor laser, Zn preferential dif-
fusion regions are provided on both sides of a stripe
excitation region to disorder the multi-quantum well
active layer, so that the structure converted to a uni-
form composition in which a refractive index and a
bandgap energy of the multi-quantum well active layer
are low and wide, respectively, 1s obtained. As a result,
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a high light output power is obtained in the quantum
well semiconductor laser, because the absorption coeffi-
cient for a laser light in regions of the active layer in the
vicinities of resonator facets is decreased due to the
disorder.

However, the large optical cavity structure has a
disadvantage of increase in threshold current and opera-
tion current. This results in the occurrence of the satu-
ration of a light output power due to Joule heating, at
lower output power than that limited by the cata-
strophic optical damage.

Further, the non-absorbing mirror laser and the win-
dow structure laser, in which the absorption coefficient
in the active layer is decreased in the vicinities of the
resonator facets, have a disadvantage of large variety in
laser performance, because it is difficult to control the
quality of the interface between the active layer and the
buried layer and an impurity concentration of the exci-
tation region and the regions in the vicinities of the
resonator facets. |

Still further, the laser device including the muilti-
quantum well active layer which is disordered in the
regions of the resonator facets has a disadvantage of
limited effect of light output power improvement, be-
cause of relatively light absorption coefficient ranging
from 225 to 450 cm—! in the vicinities of the resonator
facets due to high carrier concentration of over 10!°
cm—3 in the disordered region.

SUMMARY OF THE INVENTION

Accordingly, it is a first object of the invention to
provide a semiconductor laser in which the maximum
light output power is not limited by the catastrophic
optical damage and becomes higher.

It is a second object of the invention to provide a
semiconductor laser in which a uniform characteristic is
obtained.

According to the invention, a semiconductor laser
comprises an active layer of a quantum well structure
and a current confinement structure for avoiding the
injection of carriers into regions of the active layer in
the vicinities of the resonator facets. The current con-
finement structure i1s different in conduction type from
that of one of the cladding layers, and is formed by a
semiconductor layer which is transparent for a laser
light. The semiconductor laser further comprises an

optical waveguide structure provided between the reso-
nator facets.

BRIEF DESCRIPTION OF DRAWINGS

The mvention will be explained in more detail in
conjunction with appended drawings, wherein:

FIG. 1 is a cross sectional perspective view showing
a conventional semiconductor laser,

FIGS. 2A to 2C are a perspective view, a Cross sec-
tional view cut along a line B—B in FIG. 2A, and a
cross sectional view cut along a line C—C in FIG. 2A,
respectively, showing a semiconductor laser in a first
embodiment according to the invention, and

FIGS. 3A to 3C are a perspective view, a Cross sec-
tional view cut along a line B—B in FIG. 3A, and a
cross sectional view cut along a line C—C in FIG. 3A,
respectively, showing a semiconductor laser in a second
embodiment according to the invention.
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DESCRIPTION OF PREFERRED
EMBODIMENTS

Before explaining an embodiment according to the
Invention, the aforementioned quantum well semicon-
ductor laser will be explained in FIG. 1. The quantum
well semiconductor laser comprises a semiconductor
substrate 11, and a first cladding layer 12, a multi-quan-
tum well active layer 13, a second cladding layer 14,
and a Si10; film 15 successively provided on the sub-
strate 11. In an aperture of the SiO; film, a cap layer 16
which 1s in contact with an n-electrode 17 is provided,
and a p-electrode 18 is provided on the back surface of
the substrate 11. In this semiconductor laser, Zn prefer-
ential diffusion layers 19 are provided to disorder the
multi-quantum well active layer 13 on both sides of a
stripe active region. The advantage and disadvantage of
this quantum well semiconductor laser are not ex-
plained here, because these were explained before.

Next, a semiconductor laser in a first embodiment
according to the invention will be explained. FIGS. 2A
to 2C show the semiconductor laser which comprises
an n-GaAs substrate 21, and an n-ALg.45Gap.s5As clad-
ding layer 22, an ALGaAs quantum well active layer
23, a p-ALo45Gap s55As cladding layer 24, an n-GaAs
blocking layer 25, a p-ALo45Gag.s5As buried layer 26,
and an n-Alg45Gag.55As buried layers 27 successively
provided on the substrate 21. The semiconductor laser
further comprises a p-electrode 28 provided on the
buried layers 26 and 28, and an n-electrode 29 provided
on the back surface of the substrate 21, and provides
resonator facets 20 on both front and rear planes of the
resonator. FIG. 2B shows a cross section of the resona-
tor at the transverse center thereof, and FIG. 2C shows
a cross section of the resonator at the longitudinal cen-
ter thereof. As shown therein, the n-GaAs blocking
layer 25 1s preferentially removed to provide a stripe
aperture in the longitudinal direction of the resonator,
and is buried with the n-ALp 45Gag.ssAs buried layers
27 1n the regions in the vicinities of the resonator facets
20, and with the p-ALg.45Gag s5As buried layer 26 in the
central portion of the resonator.

In operation, a region of the active layer 23 which is
just below the aforementioned stripe aperture functions
as an oscillation region. The injected carrier density in
the active layer 23 in the vicinities of the resonator
facets 20 is remarkably low as compared to that in the
active region, because the injected carriers are re-
stricted longitudinally due to the presence of the n-
buried layers 27. The regions in the vicinities of the
resonator facets 20 of the active layer 23 become nearly
transparent for a laser light due to low injected carrier
density. Therefore, the catastrophic damage is hard to
occur, and a high light output power is obtained. The
n-blocking layers 25 functions not only as the current
confinement layers, but also as light absorption layers.
The effective refractive indices of the multi-layer struc-
ture are high just below the stripe aperture, and low
outside that region, so that an optical waveguide struc-
ture 1s realized in the direction paralle]l to the active
layer to provide stable transverse oscillation. This opti-
cal waveguide structure i1s formed even in the non-car-
rier injected regions in the vicinities of the resonator
facets 20, so that the transverse mode control is carried
out therein. This avoids increase in a threshold current
for the semiconductor laser.

FIGS. 3A to 3C show a semiconductor laser in a
second embodiment according to the
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4
wherein like parts are indicated by like reference nu-
merals as used in FIGS. 2A to 2C. An n-AL.45Gag 55As
cladding layer 22, a ALy 45Gag ssAs quantum well ac-
tive layer 23, and a p-AlL0.45Gag.55As cladding layer 24
are successively grown on an n-GaAs substrate 21 by
epitaxial growth. The p-cladding layer 24 1s preferen-
tially removed to provide a stripe portion 24A which is
buried with n-GaAs blocking layers 25 on its both sides,
and with n-ALg.45Gag 55As buried layers 27 on its front

and rear sides. A p-electrode 28 is provided on the stripe
portion 24A of the p-cladding layer 24, and the n-block-

ing layers 25 and 27, and an n-electrode 29 is provided
on the back surface of the substrate 21.

In this semiconductor laser of the second embodi-
ment, the current confinement structure and the optical
waveguide structure are obtained as explained in the
first embodiment. As a result, the advantages of a low
threshold current and improvement in light output
power limit are realized.

As understood from the first and second embodi-
ments, non-carrier injection regions are provided in the
quantum well active layer 23 in the vicinities of resona-
tor facets 20, so that the absorption coefficient for a
laser light is decreased and the maximum to light output
power limited by the catastrophic optical damage at this
active layer is increased.

An absorption coefficient of a quantum well is
sharply increased at a specific wavelength in accor-
dance with the quantum effect of a state density. In this
point, it 1s reported that an energy width of a transition
region is as narrow as 20 to 30 meV. A lasing wave-
length of a semiconductor laser including an active
layer of a quantum well structure is longer than a wave-
length which is expected based on an absorption spec-
trum due to the bandgap energy shrinkage effect at high
density carrier injection in the same manner as in an
ordinary double heterostructure semiconductor laser.
An ordinary injection carrier density is approximately
as high as 2 1018 cm—3 at threshold current, wherein
the energy shift of a lasing wavelength is approximately
40 to 50 meV. Therefore, the absorption coefficient
becomes as low as less than 100 cm—! for a laser light in
the noncarrier injection regions. In the invention, a
semiconductor laser is provided with the non-carrier
injection regions in the vicinities of resonator facets, so
that the catastrophic optical damage is hard to occur,
and the high output power is obtained.

The effect of absorption coefficient reduction in the
non-carrier injection regions is remarkable for a semi-
conductor laser including an active layer of a quantum
well structure. In an ordinary double heterostructure
semiconductor laser, the absorption coefficient of an
active layer increases moderately at lasing wavelength,
and a transition region is approximately as wide as 100
meV. For this reason, the absorption coefficient is as
high as several hundreds cm—! for a laser light in non-
carrier injection regions provided in the vicinities of
resonator facets, even if the bandgap energy shrinkage
effect occurs due to the high density carrier injection.

Although the invention has been described with re-
spect to specific embodiment for complete and clear
disclosure, the appended claims are not to be thus lim-
ited but are to be construed as embodying all modifica-
tion and alternative constructions that may occur to one
skilled in the art which fairly fall within the basic teach-
ing herein set forth.

What 1s claimed is:
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1. In a semiconductor laser, the improvement, com- make said active layer transparent to laser light at
prising: said resonator facets.

a multi-layer structure including an active layer, a 2. A semiconductor laser, according to claim 1,
. . . wherein:
first and second cladding layers, said active layer

_ . \ 5 said current confinement structure includes a block-
including quantum well structure sandwiched by

said first and second cladding layers, the bandgap

energy of said cladding layers being wider than
that of said active layer;

ing layer having a stripe aperture, said semiconduc-
tor layers being provided on said blocking layer
and buried into said stripe aperture at and extend-
ing inwardly a selected distance from said resona-

resonator facets perpendicular said multi-layers; and 0 tor facets. . .
layers different in conductivity type from said first 3. A semiconductor laser, according to claim 1,

cladding layer provided over said first cladding wherein:

S ) a semiconductor layer provided between said semi-
layer and extendll?g.mwar dly ff om Salq resonator conductor layers of said current confinement struc-
facets to reduce injected carrier density in said 15

ture is a stripe portion of said first cladding layer.
active layer at said resonator facets to thereby L L B
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